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Abstract 
This   dissertation   was   written   as   a   part   of   the   MSc   in   Energy   Systems   at   the  
International  Hellenic  University.    
This  Dissertation  examines  the  support  schemes  that  have  been  used  since  1990,  while  
special   attention   is   given   in   the   policies   that   have   been   implemented   in   Spain,  
Germany  and  Greece  since  the  adoption  of  the  Directive  28/2009/EC.  It  focuses  on  the  
development   of   the  wind   and   the   solar   photovoltaic   sectors   and   information   of   the  
tariffs  which  are  paid  to  producers  of  renewable  energy  are  provided.  Furthermore  the  
energy  dependence  and  intensity  as  well  as  other  parameters  of  the  energy  sector  are  
examined.   In   addition   to   this   in   the   conclusions   there   is   a   brief   description   of   the  
current   policies   in   the   mentioned   Member   States   of   European   Union,   where   the  
reader   can   clearly   understand   the   differences   between   them.   Lastly   it   includes   the  
obstacles  that  limit  the  further  development  of  the  renewable  energy  sector  and  also  
some  possible  suggestions   in  order  for  Greece  to  achieve   its  objectives  that  were  set  
for  2020.  
I   wouldlike to thank my family for their support in this difficult effort as well as 
professor Eftichios  S.  Sartzetakis for the excellent cooperation. 
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1. Introduction 
1.1 EU Legislation 
The increase in global average temperature in the beginning of the twentieth century, is mostly 
due to the increasing concentration of greenhouse gasses (GHG) by a rate of 70% between 
1970 and 2004. Many developed countries, including Member States of European Union (EU), 
have agreed to legally bind reductions of GHG, through the Kyoto Protocol, which has been 
adopted in Kyoto on 11 December 1997, sharing the objective of stabilizing the concentration 
of them. By recognizing the fact that developed countries are responsible for the current high 
levels of GHG emissions in the atmosphere, the Protocol places a heavier burden on them 
under the principle of "common but differentiated responsibilities."  
In order to reduce further its GHG concentration European Union has gone one step forward 
introducing the EU΄s climate and energy policy. Taking into account three high importance 
issues which are the climate change that could eventually lead to disastrous phenomena, the 
high dependence of EU on imports of oil and gas from other countries and the competitiveness 
of European economies, this policy sets significant targets for 2020, which are the following: 
• The share of RES to the Gross Final Consumption in EU is at least 20%  
• Reduction of the energy consumption by 20% with the improvement of the energy 
efficiency  
• Concentration of GHG reduced by 20% of the 1990 level 
European Union is making good progress towards its commitments and in 2011 combined 
GHG emissions from all 27 Member States of EU were 18.4% lower than 1990 levels. Climate 
and energy policy is not only a major contribution to combating climate change but also a great 
example to the rest of the world that can help to shape a new global climate agreement. 
Furthermore, imports of oil and gas are reduced which in turns strengthens European union΄s 
economy rendering EU more energy secure. In addition to this, the growth of the renewable 
sector gives a thrust to the creation of jobs which are expected to increase by 1 million till 
2020. Finally because of the fact that less air is polluted, its quality is improved, which on the 
one hand gives significant health benefits and on the other hand the amount of money spent on 
control measures will eventually reduce. 
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Apart from issues concerning energy security and climate change, when examining the 
transition to a low-carbon economy from the economic aspect, it is clear that policies and 
programmes are required to support renewables to become competitive in the energy market. 
First of all RE is an intermittent source, whose output level depends on the resource and cannot 
be controlled, which means that it is not always available to produce energy from renewables. 
In addition to this the efficiency of renewable technology is lower than fossil fuel technology 
and is generally very site-specific. Thus a photovoltaic park in northern Europe would incur a 
higher cost per KWh than countries located at a lower latitude. In contrast, conventional power 
plants use fuels that are internationally traded and thus available throughout the world. All this 
can play an important role on a possible investment decision on RES.    
Furthermore, even though low operating costs may make renewable energy cost-
competitive on a life cycle basis, high initial capital cost can mean that RE provides less 
generation capacity than conventional energy sources. Thus RES investments generally require 
high amounts of financing for the same capacity. Table 1 presents an estimate of the total 
system levelized cost of different technologies generating electricity and despite of the fact that 
it decreases year by year for the non-dispatchable technologies (for year 2017 the total 
levelized cost were 96.0$/KWh, 152.7$/KWh and 242.0 $/KWh for Wind, Solar PV and Solar 
Thermal respectively) and that O&M cost (including the fuel) is zero, it remains too high when 
compared with conventional technologies. 
In addition to this fossil fuel subsidies can distort investment cost decision. According to 
International Monetary Fund these subsidies account for almost 8% of all annual country 
budgets, amounting to US $1.9 trillion, with US, China and Russian Federation being the top 
three subsidizers across the world. Fossil fuel subsidies are inevitable because of the fact that 
global geopolitics and strategic vulnerabilities in energy supply chains make fuel price 
volatility inescapable. This volatility, combined with price increase in many parts of the world, 
exposes governments to subsidy gap which can both be unpredictable and widening. In Europe 
the situation is slightly different due to the continuous decrease of the energy demand as a 
result of governmental energy efficiency initiatives and the production of RES-E both from 
households and utilities. However public support for fossil energy subsidy still exist in EU but 
progressively weakens. 
Lastly the environmental impacts of fossil fuels often result in real costs to society (e.g. loss 
of work, health care costs), infrastructure decay (e.g. from acid rain), declines in forests and 
fisheries and certainly the costs associated with climate change. These costs of environmental 
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externalities are difficult to evaluate and depend on many assumptions that can be subject to 
wide interpretation and discretion. Though environmental impacts and external costs are often 
included in economic comparisons between renewable and conventional energy, investors 
rarely include such environmental costs in the bottom line used to make decisions. If however 
externalities were factored in, some renewables, particularly wind power, would always be 
cheaper than conventional energy sources. 
 
U.S. average levelized costs (2011 $/MWh) for plants entering service in 2018 
Plant Type Capacity  
Factor (%) 
Levelized 
 Capital 
Cost 
Fixed 
 O&M 
Variable 
O&M 
 (including 
fuel) 
Transmission  
Investment 
Total System 
 Levelized 
Cost 
Dispatchable Technologies 
Conventional Coal 85 65.7 4.1 29.2 1.2 100.1 
Advanced Coal 85 84.4 6.8 30.7 1.2 123.0 
Advanced Coal with CCS 85 88.4 8.8 37.2 1.2 135.5 
Natural Gas-Fired 
-Conventional       
   Combined Cycle 
87 15.8 1.7 48.4 1.2 67.1 
-Advanced  
Combined      Cycle 
87 17.4 2.0 45.0 1.2 65.6 
-Advanced CC with   CCS 87 34.0 4.1 54.1 1.2 93.4 
-Conventional 
 Combustion Turbine 
30 44.2 2.7 80.0 3.4 130.3 
-Advanced 
 Combustion Turbine 
30 30.4 2.6 68.2 3.4 104.6 
Advanced Nuclear 90 83.4 11.6 12.3 1.1 108.4 
Geothermal 92 76.2 12.0 0.0 1.4 89.6 
Biomass 83 53.2 14.3 42.3 1.2 111.0 
Non-Dispatchable Technologies 
Wind 34 70.3 13.1 0.0 3.2 86.6 
Wind-Offshore 37 193.4 22.4 0.0 5.7 221.5 
Solar PV 25 130.4 9.9 0.0 4.0 144.3 
Solar Thermal 20 214.2 41.4 0.0 5.9 261.5 
Hydro 52 78.1 4.1 6.1 2.0 90.3 
[5]Table 1: Estimated Levelized Cost of new generation resources, 2018 
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Taking all this facts into account European Commission, in January 2008, presented a draft 
directive, under which all EU member states have agreed on the Climate and Energy package, 
which is designed above all others to promote the production of energy from RES. The target, 
as it has already been mentioned above, for the share of energy from RES is to reach by 2020 
20% of the gross final consumption with each country having its own target as it is described 
in the Directive.  
  
Share of energy from renewable 
sources in gross final consumption 
of energy, 2005 
 
Target for share of energy  
from renewable sources in gross final  
consumption of energy, 2020  
 
Belgium 2,2 % 13 % 
Bulgaria 9,4 % 16 % 
Czech Republic 6,1 % 13 % 
Denmark 17,0 % 30 % 
Germany 5,8 % 18 % 
Estonia 18,0 % 25 % 
Ireland 3,1 % 16 % 
Greece 6,9 % 18 % 
Spain 8,7 % 20 % 
France 10,3 % 23 % 
Italy 5,2 % 17 % 
Cyprus 2,9 % 13 % 
Latvia 32,6 % 40 % 
Lithuania 15,0 % 23 % 
Luxembourg 0,9 % 11 % 
Hungary 4,3 % 13 % 
Malta 0,0 % 10 % 
Netherlands 2,4 % 14 % 
Austria 23,3 % 34 % 
Poland 7,2 % 15 % 
Portugal 20,5 % 31 % 
Romania 17,8 % 24 % 
Slovenia 16,0 % 25 % 
Slovak Republic 6,7 % 14 % 
Finland 28,5 % 38 % 
Sweden 39,8 % 49 % 
United Kingdom 1,3 % 15 % 
Table 2: National Overall Targets 
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The Directive encourages all MS to introduce measures effectively designed in order to 
ensure that their share of energy produced for RES equals or exceeds a certain value and which 
can be calculated according to the formulas which are included in Part B of ANNEX 1. It also 
provides a short description of the support schemes as it can be seen from Article 2 of the 
Directive 28/2009: “Support scheme means any instrument, scheme or mechanism applied by a 
Member State or a group of Member States, that promotes the use of energy from renewable 
sources by reducing the cost of that energy, increasing the price at which it can be sold, or 
increasing, by means of a renewable energy obligation or otherwise, the volume of such energy 
purchased. This includes, but is not restricted to, investment aid, tax exemptions or reductions, 
tax refunds, renewable energy obligation support schemes including those using green 
certificates and direct price support schemes including feed-in tariffs and premium payments.”  
Each State is free to choose the support scheme that considers more effective in order to fulfill 
its obligations towards the directive. Through National Renewable Energy Action Plans 
(NREAPs) MS have the flexibility to choose how they want to meet their national targets while 
at the same time they should create a stable environment for investments by setting clear 
mechanisms and goals. NREAPs should include clear targets for every energy sector 
(electricity, heating/cooling, transport) as well as the measures that are designed to meet them. 
Figure 5 shows that most of MS have already reached or even exceeded their 2011-2012 
trajectory target in 2009 or 2010. This is because half of MS set their planned RES targets 
values earlier (2010-2012) and higher, compared to the trajectory values that were about to be 
meet according to the formula of the RES Directive. However there are countries such as 
Latvia, Malta, Netherlands and United Kingdom which didn’t manage to reach their 2011-
2012 targets with UK having a significant gap to fill with its scanty 3.8%. The majority of MS 
will eventually reach their 2012 National Renewable Energy Action Plan (NREAP) target, 
however most of EU countries won’t be able to reach their 2020 target. Under certain 
conditions only the efforts of a few countries will have a successful outcome.  
Europe is still striving to make the energy market work, however the future seems 
inauspicious. It is the current economic crisis that has affected the reliability of RES support in 
many countries (Greece, Spain, Portugal) and their progress in RES deployment shows that 
strong efforts have to be made on maintaining and even improving the effectiveness of the 
current support policies. In addition to this, energy efficiency is going to play an important role 
on the success or not of the achievement MS RES targets, because by improving it the overall 
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energy demand will be reduced, resulting in lower percentage of RES to the gross final energy 
consumption needed to be reached. Finally other barriers have to be overleaped to give an 
impetus to the renewable sector. The integration of the electricity grid as well as the 
improvement of the administrative procedures that are necessary to be able to produce 
electricity from RES are still facing such barriers. The adopted policies in the development of 
the grid integration are effective and so progress has been made, while adoptive cost effective 
regulation measures that aim at clear distribution and level of costs as well as the incentives set 
for investments seem to be of less priority than facilitating the grid integration. Regarding the 
administrative procedures many MS have not introduced the idea of the on-stop-shop in their 
NREAP with Greece and Portugal doing it so recently.  
 
Source: Eurostat 
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1.2 Support Schemes 
Various kind of support schemes are available for the promotion of renewables.  European 
Union aims at harmonizing the support schemes at its territory, which however is very difficult 
to be achieved. The benefits that will arise from this harmonization can be summarized to the 
better exchangeability of GoO between European markets of MS as well as the optimization of 
the natural resources in the territories of MS.   
The different types of support policies that are in force can be categorized in 2 major 
categories: 
• Direct Methods, which include support to investments through tax exemptions, capital 
grants and support during the operation of the plant  
• Indirect Methods, such as R&D funding as well as positive discriminatory tools 
The most popular support schemes, which belong in the direct support category, are Feed-in 
Tariffs (FiT) and the schemes based on the Quota Model which are price-based and quantity 
based model respectively. The vast majority of MS as shown in Figure 6 use one of these 
schemes as a support scheme to support investments. 
Moreover the RES Directive provides for three cooperation mechanisms with other MS, which 
are the statistical transfer, joint projects and joint support schemes.  This means that there is the 
opportunity for MS to freely choose to join or partly coordinate their support schemes and so 
the renewable energy produced in the territory of one Member State may count towards the 
target of another country, under certain conditions.  
8  
  
 
[8] Map of EU countries according to their support mechanism 
Source: Eurostat 
1.2.1 Price-based mechanisms 
The Feed-in Tariff mechanism offers long-term with fixed price contracts to the generators of 
renewable energy. The remuneration ensures the profitability of an operating installation while 
the duration of the contract, which can vary between 10 and 30 years, covers a significant 
proportion of its life. The scheme provides for RES installations priority access to the grid and 
the remuneration is differentiated by the size, the type and the site of the installation. A variant 
of this support method is for producers of RES electricity to be paid with tariffs that have a 
declining stream for a specific payment period, as in the case of fixed tariffs.  Furthermore 
another option is to pay generating facilities with higher remuneration during the first years of 
their installation but for a shorter period, which gives the producers to pay off their debts 
earlier. The last mentioned support policies are implemented in Germany in the case of off-
shore wind installations. Lastly it should be mentioned that there is the possibility for the paid 
tariff to decline over a specific interval through implementing a degression, which can vary 
considerably according to the technology that is used for the generation of electricity. Tariff 
degression rates are appointed in Germany in an annual basis however in Spain they are set 
every 3 months. The implementation of degression rates gives the opportunity to the country to 
manage the installed capacity for each RES-E technology. 
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FiT mechanism creates a secure environment for investments as it guarantees the price 
while providing a secure demand. Due to the fact that the fixed price is based on the future 
expectations of the cost of generation of renewable electricity, the cost-efficiency of the FiT 
mechanism for the society decreases when the generation cost is overestimated and so the tariff 
is set at a higher level. In this case RE producers are rewarded with an unexpectedly high 
remuneration. So it is of high importance for tariffs to be reviewed regularly so as to take into 
account the development of technology and eventually to adjust the system to the latest 
projections of the generation cost. 
In FiT systems the Market Operator is responsible to sell the ‘green electricity’ to the 
wholesale electricity market with its fixed price. This means that producers are not spurred to 
produce such amount of electricity according to the demand and so the potential price signals 
on the market.  
A variant of FiT mechanism in which RE producers are apid with the wholesale market 
price as well as a guaranteed premium is paid for a specific period of time as in the case of 
fixed FiT. Premium mechanism gives the opportunity to producers of renewable energy to 
improve their reflexes to market signals. Many MS of EU, such as Spain, the Czech Republic, 
Denmark and Finland, are using this type of support together with other support tools or as the 
main support method for generated ‘green electricity’. Furthermore some countries   have 
introduced the opportunity of choosing between fixed and premium tariffs for some 
technologies. Feed in premium mechanism doesn’t provide with much certainty the investors 
as there the danger of exposure to the free market. This type of support is rather an innovative 
mechanism aiming at incorporating the advantages that derive from the fixed FiT mechanism 
while give the RES market a market orientation. In this mechanism RES producers sell the 
produced electricity to the wholesale electricity market and as a consequence they produce 
electricity according to the price signals of the market.  
1.2.2 Fiscal Incentives and Price-based Mechanisms 
RES-E support mechanisms are sometimes implemented by a variety of fiscal incentives. For 
example China has introduced a new law introduced in 2011 the “Implementing Regulation for 
Enterprise Income Tax Law” which gives the ability to firms with RES projects to get 
exempted from taxes for 3 years. Enterprises falling with this particular law are also provided, 
after the exemption period, with another leniency where their taxes are set at a rate equal to 
50% of the implemented tax. Other RES-E generators are offered tax exemptions based on 
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their installed capacity and the energy that is produced, as is the case of Finland, where a tax is 
imposed on fuels based on their carbon content. 
1.2.3 Investment Incentives 
Investment subsidies is another form of direct support in the form of cash payments to 
renewable investments. Investors can get prepayments with an amount which depends on the 
capacity of the installation. This type of method is used in the U.S. where renewable 
investments are subsidized while investors can be provided with loans with very low interests 
or longer period for the repayment of them.  
 
1.2.4 Quantity-based Mechanisms 
Apart from the price-based mechanisms another type of support for the development of RES is 
the quantity-based mechanisms. This type of support method consists of the Tradable Green 
Certificates as well as competitive auctions. 
 Renewable Portfolio Standards (RPS) or renewable obligations (ROs) as referred to in the EU, 
presupposes that a quantity of the demanded electricity for consumers and for the generated 
electricity for producers to come from Renewables.  The ROs can be traded in the wholesale 
market and those producers who generate a surplus can sell it to producers who don’t produce 
green electricity in order to be compatible with the RES-E quota.  
Designing and implementing TGCs can have with several characteristics such as the non-
compliance penalties, banding provisions and minimum prices. In the case of non-compliance 
penalties, if the RES generator doesn’t comply with his obligations for a specific amount 
coming from renewables then he is having a penalty. For example in Sweden the penalty is 
equal to 150% of the price of the certificate.   
1.2.5 Competitive Auctions 
With the organization of auctions the regulatory authorities of a country set the amount of 
capacity from renewable technology that is going to be developed and the least-costly offer is 
provided with a contract for a specific interval. This type of support inspires confidence to 
investors, fosters the competition while it leads to the correct development renewables. 
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2.Spain 
2.1 Overview of the Energy Sector 
  The last three decades the world has experienced several energy as well as economic crises, 
which have impacted negatively on economic activities and demand for energy in developed 
countries. At the beginning of 1970s most of the West World was mobilized and took measures 
by establishing policies in order to reduce the energy dependency and improve the energy 
efficiency. In 1980 with the second oil crisis, the Spanish government turned its sights on 
saving energy and focused on finding alternative energy sources. This began to be 
implemented with the adoption of Law 82/1980, which laid the foundations for a more 
conservative use of energy and made the first steps for the research and development (R&D) of 
RES, which in turns resulted to a reduction of the energy intensity of the country. 
2.2 Primary Energy Intensity 
In the beginning of 1990s the demand of energy in Spain faced a significant reduction of 
2,057%, due to an economic crisis, stabilizing the energy intensity with some fluctuations until 
2005. When comparing Spain’s intensity with the intensity of EU-27, a significant gap can be 
noticed which remained stable from 1990 till 2005. From that year Spain adopted saving 
measures in order to ensure a further cut to the energy consumption of the country and improve 
its energy intensity and efficiency and consequently lower more the gap of this indicator with 
EU-27. 
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Source: Eurostat 
 
The generalized economic expansion of Spain, which preceded the economic crisis that 
the country is facing, made Spanish wealthier driving to an increase of the Gross Domestic 
Product (GDP) before the crisis. Furthermore, demand for energy is still decreasing which in 
turns reduced more the energy intensity to rates close to 80% in 2010, with an improvement of 
a rate of 15% compared to 2005. Spain is in recession seeing its annual growth of GDP 
decreasing in 2009 by 3,75% and in 2010  by 0,08%. Consequently, in 2010 for every 1000 
euro of GDP the country needed 0,137 toe of energy while in 2005 Spain needed 0,158 toe 
witnessing a real improvement. Lastly it has to be mentioned that this further reduction-
direction also depended on the efficiency of the energy transformation system of the electric 
power generation technologies linked to the exploitation of RES and NG.  
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2.3 Energy Dependence 
 
 
 
Primary Energy: July 2012-June 2013 
 The Energy sector is characterized by insufficient resources with high imports of Petroleum 
products as well as Natural Gas. From the second half of 1990s Renewables began to make 
tentative steps resulting in a greater energy diversification. Spain with a low domestic 
production, based mostly on renewable and nuclear production as well as production of energy 
from coal, during 2011 counted the amazing rate of 76,4% with regards to the  energy 
dependence, when respectively in  EU-27 it was 53,8% classifying Spain among countries with 
the highest energy dependency in Europe after Malta, Luxemburg, Cyprus, Ireland, Lithuania, 
Italy and Portugal. However it seems it has a declining tendency, due mostly to the 
development of RES, which had witnessed tremendous growth contributing greatly to 
country's economy, together with the aggressive policy regarding the energy saving measures 
that the country is implementing. In order Spain to become more energy independent special 
attention should be given in the framework regarding the fully liberalization of the energy 
sector as well as the market transparency. In this direction RES with their low installation cost, 
which tends to decrease more, will revitalize the economy both by further development and 
integration to the energy system. 
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Source: Eurostat 
2.4 Implemented Policies 
Renewables in Spain are described in the relevant legislation as “Regimen Especial”, i.e. 
“Regimen Special”, firstly introduced in 1994 by Royal Decree (RD) 2366/1994 which also 
included other RES technologies such as biomass from waste, CHP and hydro installations, 
with power equal to or less than 100 MVA. The Law 54/1997 laid the basis for the 
liberalization of the electricity sector and established a separation between the production of 
electricity from renewable installations and conventional ones. It was specified how some of 
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the installations included in the ‘Regimen Special” can incorporate the excess energy in the 
market by getting remunerated with the average market price plus a bonus and how others can 
participate directly in the wholesale market by getting paid with an added bonus to the hourly 
market price and also a remuneration guarantying their capacity. Until today many 
modifications and changes have been made with various laws and occasionally Royal Decrees, 
depending on the market demands and development of renewable technology. 
 Law 54/1997 enacted also an ambitious goal which was the RES share to the electricity 
demand to be equal to 12%. Consequently the RES Plan “Programa de las Energias 
Renovables”, which was established in 2005 with a time horizon of five years and sets the 
framework for the use of RES, put two even tighter targets:  
• 5, 83% of oil consumption in the transport sector to be replaced by biofuels  
• 29.4% of total electricity consumption from RES. [1] 
The goal was overtaken and accounted in 2010 a percentage of 29,8% in the Gross Electricity 
Consumption, increasing further and reaching the rate of 31,5%  in 2011- 12,6% higher than 
the achieved rate of 2005 . 
 
 
Source: Eurostat 
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Law/RD Information about Law/RD 
Law 40/94 Introduction of the term “Regimen Especial”   which describes the status of RES 
RD 2366/1994 Adjustment of the “Regimen Especial «for biomass, cogeneration, hydropower sectors. 
Law 54/1997 
Clear separation in production of energy between special and conventional regime.  
Regulation for the participation of producers in the energy market: direct involvement 
 or participation only of the surplus energy depending on  type of RES 
RD 2818/1998 Establishment of the annual renewal premium of RES and review every 4 years. 
Plan for the promotion  
of RES 
Establishment of growth targets for each technology by 2010. 12% of primary energy 
consumption from RES 
Law 6/2000 
Encouraging participation in the purchase of all RES facilities 
 and forecast energy sales contracts with traders. 
RD 1663/2000 
Simplification of the conditions for the connection of  
PV installations up to 100 kVA. 
RD 436/2004 
Amendment of the Law of the Electric Sector and  
establishment of economic and legal framework  
of the special regime of RES. Establishment of two forms 
 for the remuneration of producers of  
Renewable energy (Regulated FiT/Premium FiT). 
RD 314/2006 
Introduction of mandatory integration of solar thermal 
 and photovoltaic panels’ installations in new buildings. 
RD 661/2007 
Adjustment of produced electricity from RES, retention of the two modes of  
remuneration and introduction of bonuses for market participants. 
Law 6/2009 Introduction of social benefits (Bono Social). 
RD-Law 1/2012 Suspense of incentives for new electricity installations under Special Regime 
RD-Law 9/2013 Retroactive cuts applied to all photovoltaic installations installed between 2009 and 2011 
Table: Information about Spanish Laws 
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As indicated in the above table, RD 436/2004 established two methods for the compensation 
of electricity production from RES within the framework of establishing the legal and 
economic operation of the Special Regime. RES producers had to select between two options 
regarding their remuneration [4]: 
• Sell the produced energy to a distribution company and get rewarded with a fixed 
price. The fixed FiT is considered to be the reference price and is defined as a 
percentage of the System Marginal Price (SMP) incorporating an estimated cost 
related to the electricity supply as well as a provision for the energy demand. This 
price depends on the power and also on the interval that has passed since the day of 
the installation, embodying the deviation costs. 
• Sell the energy produced directly in the wholesale electricity market through 
bilateral agreements or long-term contracts with a distribution company. In this case 
the producers receive for remuneration the SMP plus an additional payment which is 
an incentive for their participation in the open market. 
 
In 2007 Royal Decree 661/2007 maintained the basic 2 forms of compensation and introduced 
that the premium FiT was going to be variable and would depend on the market value while on 
the other hand the total remuneration would have a maximum and minimum value, the Cap and 
Floor price respectively. Under this law when producers choose the premium FiT model, the 
remuneration has the following characteristics: 
• The Reference Market Price plus the premium FiT (Remuneration of producers) 
must be nor greater from the Cap Value nor lesser from the Floor price. 
Floor Price<Remuneration<Cap Price 
ð Remuneration=Reference Market Price + Reference Premium 
• If the remuneration of producers is no more than or equal to the Floor value then the 
premium is equal to the difference of the floor price and the reference market price. 
(Remuneration)<Floor Price  
ð Reference Premium FiT =Floor Price – Reference Market Price 
• If the remuneration of producers is greater than or equal to the Cap Price then the 
premium FiT is equal to zero. 
Remuneration>Cap Price 
ð Reference Premium FiT=0 
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In the Solar Photovoltaic sector RD 1578/2008 established a remuneration scheme and also 
created a pre-assignment Remuneration register for PV installations. The remuneration scheme 
is a not only quota but also a declining tariff system which gives priority to installing 
photovoltaics in buildings. The quota system sets a limit to the installation of photovoltaics in 
buildings and in outdoor sites, something that equals to 500 MW per year.  
 
  
Rating Type of Installations 
Type I 
I.1 P<20 KW 
Roofs or facades with uses: Residential, services, 
commercial, industrial, crop & livestock 
I.2 20 KW<P<2 MW Car Parks 
Type II II P< 2 MW Others, not included in type I 
Table: Type of Installations according to RD 1578/2008 
 
All the installations which are included in this category of PV installations are obliged to get 
registered to the pre-assignment register, which is divided to four quarterly calls.  
The decrease to the tariff is envisaged with a fall of 10% rate annually while it requires the 
following: 
• If the registration in the pre-assignment Remuneration register is less than 75% of 
the quota then the tariff remains stable. This is the case in 2009 with types of 
installation I.1 and I.2 inclunding a differentiation in the 4th quarter of 2009 for I.2 
type in which there was a slight increase. 
• If the registrations exceed the quota at least by 75% then the offered tariff is reduced 
according to the registered capacity. This can be observed in all quarters of years 
2010 and 2011 in types I.1 and I.2. 
• Lastly if the registrations in the pre-assignment mechanism are equal to 75% of the 
quota that was set, then the reduction in the remuneration is zero while if the quota is 
covered 100% by the registrations then the reduction is set to 2,6% as observed in 
Type II in 2009, in which the registered capacity exceeded more than 100% the 
quota. 
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   Type   Q1   Q2   Q3   Q4  
   2009  
Tariff  
(c€/kWh)  
I.1   35,6572   33,5672   35,6572   35,6572  
I.2   33,5597   33,5597   33,5597   33,6697  
II   33,5597   32,2162   31,3692   30,5034  
   2010  
Tariff  
(c€/kWh)  
I.1   34,93   34,3806   33,964   33,0773  
I.2   32,0189   31,139   30,3274   29,4689  
II   28,8732   28,065   27,272   26,5676  
   2011  
Tariff  
(c€/kWh)  
I.1   31,3454   28,874   28,1193   27,324  
I.2   27,8809   20,3669   19,8297   19,3116  
II   25,1644   13,4547   13,0288   12,4935  
Table: PV Tariffs for the four quarters of years 2009-2011 
 
Table 6 provides the tariffs for the calls for years 2009 until 2011. As it can be observed the 
tariffs provided to the producers of photovoltaic energy decreased year by year, however some 
fluctuations can be observed such as between the 3rd and the 4th quarter of 2009 where the 
remuneration increased. 
In the following graphs the number of applications as well as the development of FiT since the 
Cap on installed capacities was established, are presented. FiT for each type of installation has 
a declining tendency depending on whether or not the registrations exceed 75% of the quota in 
the previous quarter. It is remarkable that installations of Type II seemed to be very attractive 
for investments and so the FiT for this type decreased quarter by quarter. 
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Figure: Number of applications according to the Type of installation for different quarters 
 
 
Figure: FiT according to the Type of installation for different quarters 
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Although support schemes that Spain implemented seemed to be well-designed, a gap was 
created between the regulated cost and the fees set by the government and paid by consumers 
which increased with alarming proportions. In 2013 this tariff debt came to be EUR 29 billion, 
representing 3% of the GDP of the country with an extraordinary increase of  EUR 5 billion 
only in 2012 when the anticipation was not to exceed EUR 1,5 billion. The debt, which is a 
cause of concern, is due to the following factors:   
• The repayment of the debt from previous years 
• The declining demand which results in the reduction of the fees paid by consumers 
• The fact that RES installations which have chosen  the premium option were operating 
many hours leading to an increase in their remuneration 
• The electricity transmission costs. 
In order the deficit to get reduced the Spanish Government imposed new taxes in 
November 2012 on the production of energy. Subsequently, in February 2013 with the new 
Law-RD 1/2012 that the Government has put into force in order to prevent the additional 
installation of 550 MW which would enter into the premium mechanism, legislated the annual 
adjustment of regulated costs, removed FiT, Premiums and supplements for facilities under 
“Regimen Especial” which were not recorded in the pre-allocation mechanism till 28th of 
January 2012.   
The Spanish Government reverted with a new legislative intervention, RD-Law 9/2013, 
through which approved a new economic framework for RES. The current legislative 
framework reforms the regulated tariffs under the fixed FiT model and the remuneration 
system under premiums for renewables. The remuneration for new-entrance producers of RES 
is now determined first of all by the price of the produced energy to the wholesale market and 
secondly by a specific amount of remuneration, which consists of 2 terms. The first one 
represents the cost for financing the installation of a standard facility while the second one 
stands for the difference between the cost of operation and the remuneration of a standard 
facility participating in the wholesale market. The new legislation takes into account a standard 
installation which is efficient well managed, defined as “an enterprise equipped with the 
necessary resources to carry on its activity, the costs of which are those of an enterprise that is 
efficient in the activity and considering the related revenues and a fair profit from the 
performance of its functions”. Furthermore it excludes installations with capacity under 50 
MW from the remuneration system. Lastly for existing facilities except for thermo- solar 
facilities, the remuneration system under the premium mechanism, changes to a transitional 
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one until the implementation of a new framework that the Government is going to enact. This 
framework sets the premium equal to the average yield of Spanish –Government Bonds over 
the ten years preceding the entry into force of the current RD plus 300 basis points, which are 
going to be reviewed every 6 years.  
 
2.5 RES Share to Final Consumption  
 
 
Source: Eurostat 
The growth of renewables in Spain was tremendous the first years of the implementation of 
the FiT system, achieving a high share from renewables in the Gross Final Consumption very 
soon equal to 15,1% in 2011.  
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Source: Eurostat 
2.6 Wind Sector 
Internationally Spain is pioneering in the wind energy sector in terms of installed capacity. 
In 2010 the cumulative installed capacity reached 19.050 MW with the only countries to 
exceed this huge capacity being the United States, Germany and China. This power was only 
slightly lower than the target of 20.155 MW set by the National Plan for Renewable Energy 
2005-2010. With electricity production 38.101 GWh, according to 2009 data and coverage of 
demand reaching 50% of hourly demand, wind energy produced in the country is enough to 
cover the demand of 9 million homes per year!  
Only in 2009 2.500 MW of wind power was installed with Spanish companies playing a 
leading role in the market as 75 manufacture companies operate, which have also a presence 
abroad , exporting equipment , services and technology associated with wind energy. During 
2012, 11.895 of wind capacity were installed in EU, from which 1.122 MW were installed in 
Spain representing the 9% of the installed capacity in EU-27.  Spain is nowadays the 2nd 
country, after Germany in EU in terms of installed wind capacity which reaches 22.796 MW 
representing 21.67% in EU-27. Its percentage reaches 16% in the electricity consumption 
bringing Spain behind Denmark and Portugal with 27% and 17% of the electricity 
consumption respectively. Wind turbines have offered more than 42.000 GWh, doubling their 
contribution to the electricity system since 2005. However as it can be observed the electricity 
supply from wind installations decreased by 4,15% in 2011 . 
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Source: Eurostat 
An important factor for the development of wind energy was the regulatory framework 
which was enacted by the Spanish government, favoring investments and development of this 
form of energy. This stable environment filled investors with confidence and trust. Regarding 
environmental benefits noted by the widespread use of wind energy, Spain avoided imports of 
8.5 million tons of oil and reduced CO2 emissions by 13.3 million tons in 2009. Hereby, the 
fundamental goal of environmental and socioeconomic sustainability is satisfied, based on 
three cornerstones of national energy policy in line with that of the European Union, which are 
supply adequacy, international competitiveness and environmental protection.  
 
 
 
 
 
 
2000   2001   2002   2003   2004   2005   2006   2007   2008   2009   2010   2011  
Wind  Capacity   2,37   3,53   5,06   6,17   8,46   10,01   11,59   15,10   16,69   19,15   20,68   21,67  
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2.7 Solar photovoltaic Sector  
On the other hand the solar photovoltaic sector is another renewable energy technology 
where Spain is among pioneers. In 2010 Spain was the second country in Europe in terms of 
installed power per capita with 75,2 Watt /inhabitant. This technology has met great growth in 
2008, when more than 2,5 GW were installed, an increase of around 500 % compared to 2007 
with Germany being the second country in terms of new capacity with 1,5 GW. This amazing 
growth at that year in Spain represented more than 45% of the global PV market. In 2010, the 
installed capacity in the country reached 3,787 MW, and produced energy equal to 6.279GWh. 
This is mainly due to the continuously declining prices of solar panels in conjunction with an 
economic optimism, which characterized that period the market and the optimization of the 
legal framework which held the remuneration of producers very high. Today Spain is the 
second largest producer of solar thermal and photovoltaic energy in the world [2].The current 
legislation aims to enhance installation of PV panels on the rooftops of buildings. The level of 
development and the decreasing cost of PV panels make PV sector a promising one after the 
wind sector on the Spanish market, which can play the role of either distributed or a central 
production system. 
 
Source: Eurostat 
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2010 Two options for electricity sales Option A Option B-Sale on the wholesale 
electricity market 
Group Subgroup Rating Timing Regulated Tariff 
(c€/kWh) 
Reference Premium 
(c€/kWh) 
Ceiling Price 
(c€/kWh) 
Floor Price 
(c€/kWh) 
Solar Photovoltaic 
P<100kW 
 
first 25 yrs 46.5897    
thereafter 37.2718    
100kW<P<10MW 
 
first 25 yrs 44.169    
thereafter 35.3352    
10MW<P<50MW 
 
first 25 yrs 24.3077    
thereafter 19.4462    
 thereafter 22.7984 21.9473 
     
Wind 
Onshore 
 first 25 yrs 7.7471 3.0988 8.9866 7.5405 
 thereafter 6.4746    
Offshore    8.9184 17.3502  
 
2013 Two options for electricity sales Option A Option B-Sale on the  
wholesale electricity market 
Group Subgroup Rating Timing Regulated Tariff 
 (c€/kWh) 
Reference Premium 
(c€/kWh) 
Solar Photovoltaic 
P<100kW first 30 yrs 48.8606 0 
100kW<P<10MW first 30 yrs 42.3218 0 
10MW<P<50MW first 30 yrs 25.4926 0 
 
Onshore 
 first 20 yrs 8.1247 0 
 thereafter 6.7902 0 
Offshore   14.8515 0 
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3.Germany 
3.1. Overview of the energy sector 
Germany’s coal and lignite sources gave very soon a strong impetus to its industry 
development, due mostly to the development and maintenance of energy supply from fossil 
fuels. In 1960 however, the supply from fossil fuels was limited with the insertion of nuclear 
plants in the country’s energy mix while in 1980’s considerations about GHGs and climate 
change along with fears of a nuclear accident shifted Germany’s energy policy. The overall 
trend of final energy consumption in Germany began to change in the early 1990’s with a 
decrease in the consumption of lignite as an energy carrier in East Germany, which drifted the 
share of solid fuels in final consumption to a decline. Furthermore RES began to take their first 
tentative steps in the energy market when the German Bundestag introduced in 1990 the first 
electricity Feed-in-Tariff Law known as “Stromeinspeisungsgesetz” so as to promote the 
production of energy from small hydro, wind and PV installations, excluding however the 
production of electricity from biomass installations. The FiT law gave to RES generators the 
opportunity to connect to the grid and get remunerated approximately at 65%-90% of the 
average price paid by final consumers. The aid to RES consisted of the “100/250 MW wind 
programme” together with the “1000 Solar Roof Programme” and burdened the grid operator 
with an appreciable cost for RES development. In addition to the above assistance to RES the 
law consisted of particular financial incentives.  
The support measures favored highly investors of wind installations in sites with high wind 
potential while on the other hand the operation of inland wind parks was not much profitable. 
In the PV sector the environment was not so lucrative at that interval due to the high costs of 
installation of photovoltaics, which in turns made the electricity production from PV’s 10 times 
more expensive compared to electricity production from nuclear and coal plants. The 
introduction of the support mechanisms benefited highly PV investors and for the first time the 
high installation costs were limited making their operation profitable. However the “1000 Solar 
Roof Programme” didn’t achieve its goal as the remuneration to the producers was 
significantly low. Research programmes, loans with low interests for RES developers and 
public awareness campaigns aimed at developing the RES sector.  
In 1998 Germany made a great step in the electricity sector with the liberalization of the 
electricity market while in parallel introduced a new compensation structure to share the cost 
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among utility companies. The redefining of the RE policy came in 2000 with the introduction 
of the new legislation known as ‘Erneuerbarne-Energien-Gesetz’ (EEG). The new law, taking 
into consideration the protection of the environment as well as the establishment of RES to the 
energy sector, aimed at doubling until 2010 the contribution of RES to the gross final energy 
consumption. EEG 2000 made structural changes to the support policies with the introduction 
of new tariffs which depended on the source of energy, the size and the location of the 
renewable installation on the one hand, while on the other hand abandoned the previous model 
with FiT prices being linked to electricity retail prices and replaced them with fixed tariffs over 
specific intervals. This came in response to the decline in the remuneration of RES generators 
that took place, because of the deregulation of the electricity market. The law reviewed the 
remuneration intervals and introduced a degression in the FiT price paid to the producers. 
EEG 2000 was reviewed in 2004 and included targets for the share of RES in the electricity 
production. The main idea of the new FiT model which was included in EEG 2000 was 
maintained, however the amount of compensation to the producers as well as the degression 
rates were adjusted in order to reflect the high costs of generated electricity from RES at that 
time. 
3.2.  Primary Energy Intensity 
In addition to the support mechanism for RES, Germany has implemented a series of 
measures in order to reduce the demand of energy and the primary energy consumption and so 
to improve its energy efficiency and the primary and final energy intensity. Germany has met a 
real growth seeing its GDP rising by 1,3% in 2011 compared to 1991 and managed to reduce 
the primary energy consumption from 356 Mtoe in 1990 to 316 Mtoe in 2010, a reduction of 
11,32% or 0,56% per year. The GDP changes are fully illustrated in the primary energy 
intensity which follows a downward path since 1991. In these years, energy consumption did 
not completely follow the economic development especially in the industrial sector. During 
this interval the primary energy intensity decreased by a percentage of 34% with the decline 
being slightly stabilized or increased in years 1993 and 1996 and between 2001 and 2003 when 
the country met a stagnation in the GDP and in 2009 when Germany faced the consequences of 
the financial crisis.  
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Source: Eurostat 
 
 
Source: Eurostat 
 
The energy consumption mix in Germany is characterized by the dominance of fossil fuels. 
In 2012 oil’s share was equal to 33% with regards to the gross inland energy consumption 
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while NG’s and coal’s share were 21.5% and 24.9% respectively. In 2011 Germany decided to 
change its policy regarding nuclear power, due to the consequences of the Fukushima accident 
on 11 March 2011, which led to the shutdown of eight plants. This decision in turns led to the 
decline in the share of nuclear power in the gross inland consumption, which in 2012 
accounted for 7.9%. Renewables on the other hand are increasing their share and are going to 
play a decisive role on the energy supply of Germany-in 2012 RES accounted for 11.6% of the 
gross consumption-while on the other hand efforts are made to improve country’s energy 
efficiency.  
 
Source: Eurostat 
 
3.3. Energy Dependence 
Germany’s energy security is closely linked to imports to meet its energy needs which range 
from 70% for coal to 98% for oil and 80% for NG that the country consumes. Russia, Great 
Britain and Norway are the main suppliers for oil while Germany obtain NG from Russia, 
Netherlands and Norway. Furthermore the availability of lignite from domestic sources, which 
is used for the electricity generation, threatens the development of RES due to lignite’s low 
prices and the low emission’s prices under the Emissions Trading Scheme. Under these 
parameters Germany sees its energy dependency to fluctuate around 60%, almost 10 points 
higher from the energy dependency of EU-27. 
33,0% 
21,5% 
7,9% 
11,6% 
12,0% 
12,9% 1,3% 
Share of Sources to  
Gross Inland Energy Consumption in 2012 
Oil NG Nuclear RES Lignite Hard Coal Other energy carriers 
32  
  
 
Source: Eurostat 
 
 
Source: Eurostat 
3.4. Implemented Policies 
FiT policies in Germany supported the rapid scale up of renewables in the electricity sector 
and provided certainty to investors of renewable projects. Through the implementation of 
various forms of policies since 2000, Germany has achieved to exceed its national target with 
regards to the share of RES to the gross electricity consumption. Germany’s changes in FiT 
schemes can be divided into three phases. The first phase (2000-2009) is characterized by high 
costs of electricity production from renewable installations, which was far from making them 
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competitive in the energy market. The policies that were implemented aimed at increasing the 
share of RES, something that not only was achieved but exceeded. Germany managed to 
increase renewable’s share in the gross electricity consumption by 10% during this interval. 
The FiT scheme provided RES producers with a fixed price of electricity, which however 
declined due to the establishment of a degression schedule. In the second phase (2009-2011) 
the huge growth that the PV sector has met during previous years worldwide led to a decline in 
solar PV panel’s prices and prompted Germany to reconsider its support policies. The FiT paid 
to producers met a further decrease so as the magnitude of PV installations to be managed.  
 
Source: Eurostat 
 
Year 2020 2030 2040 2050 
Target of RES in Electricity 
Consumption 35% 50% 60% 80% 
Table: Targets of RES in Electricity Consumption  
 
From 2000 until 2012 Germany’s support policy led to a spectacular increase of the share of 
RES to electricity consumption recording in 2012 a rate of 23,5% which is 6,5% greater until 
the enforcement of EEG 2009 and very close to the target of 35% wanted to be achieved until 
2020. Germany’s energy policy is based on three pillars which are the climate protection, the 
security of its supply of energy and the cost effectiveness. In this direction the development of 
RES is a one way road and for that reason Germany targets to increase their share in the 
electricity consumption at least at 80% by 2050, 55% higher compared to the 2020 target. With 
these principles phase three began with some amendments to the EEG 2009 due the decision 
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Rate 6,2% 6,6% 7,7% 7,6% 9,3% 10,2% 11,6% 14,2% 15,1% 16,3% 17,0% 20,4% 23,5% 
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RES share to Gross Electricity Consumption(%) 
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during 2011 for the closure of nuclear power plants until 2022 and the continued declines in 
the installation cost of renewables, which make them competitive to conventional forms of 
energy. With EEG 2012, Germany seeks not only to increase the renewable’s share to 
electricity but also to encourage the operation of RES installations in a more market-orientated 
fashion. Furthermore, the new Act ordains that the FiT policy will be reviewed every four 
years while it sets a “capacity corridor” of 2.500-3.500 MW per year until a threshold equal to 
52 GW is reached. In addition to this FiT prices decreased for all renewable’s installations, 
except for off-shore wind and geothermal which have met a weak growth with cumulative 
installed capacities in 2012 434 MW, 12 MW respectively and biomass installations due to the 
continuing high installation costs that make them still uncompetitive to traditional technology. 
Lastly the degression rates have been revised upwards so as to pressure more and more the 
prices related to the production of electricity from RES. In the PV sector things are slightly 
different as rates are determined based on the capacity that was installed during the previous 12 
months. EEG 2012 also presupposes the trade of Guarantees of Origin, the possession of which 
proves that the electricity is produced from RES. Guarantees of Origin are valid and can be 
traded only if their holders  register them in an electronic database. 
In particular with regards to the support mechanisms, the new EEG provides the RES 
generators with the opportunity to take part in the wholesale market under the Market Premium 
Option but also reserves the fixed-FiT mechanism. The paid tariff varies according to the 
technology that is used as well as the new degression rates introduced with the amendments 
that came into force with EEG 2012. Furthermore the law gives the opportunity to developers 
of off-shore and on-shore wind installations to choose a higher initial payment but for a shorter 
payment period while it obliges the operators of small PV installations either to install a 
curtailment device or limit their offered power to 70%, in order to ensure the sustainability of 
the grid. Lastly, a repowering bonus is offered to old onshore wind installations (before 2001) 
which may create problems in the proper functioning of the network operation. 
RES developers who choose the market Premium mechanism for their remuneration for the 
electricity they provide, sell their power directly to the wholesale market, in contrast to those 
whose power is purchased from the operator of the distribution system and subsequently is sold 
on the market and are receiving the fixed payment. The law gives the contingency to 
generators to choose the support mechanism they want on a monthly basis. 
The remuneration under the premium mechanism equals to the obtained price for the 
offered-in the wholesale market-electricity incremented by the market premium payment. The 
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market premium price is calculated every month and equals to the subtraction of the fixed FiT 
and the Reference price. The fixed FiT is the payment of the producers under the fixed scheme 
and is calculated every month according to the degression that the law has introduced. The 
reference price is defined as the subtraction of the following two components: 
• The Average Wholesale Market Price which is the average price of the market during 
the previous month  
• The Management Premium which reflects the costs that burden the producers due to 
their participation in the market. EEG 2012 describes in the Annex 4 the mentioned 
costs as “costs for the stock exchange admission, the trading connection and the 
transactions for recording the current values and billing for the IT infrastructure, for 
staff and services and for variations of the actual feed-in compared to the forecasts”. 
The management premium is not the same for all producers but depends on the 
technology that is used. Worthless to mention that this premium is not stable but 
decreases over time so as to motivate the participation in the wholesale market earlier 
while it reflects that generators obtain greater experience through their involvement in 
the market. 
 
3.5. RES Share to Gross Final Consumption 
The new mechanism attracted many RES producers and by the beginning of 2012, 18 GW 
of installed capacity stated the preference to take part in the wholesale market and get paid 
through the premium option. However there is uncertainty with regards to the new mechanism 
as the received premium payments can vary month by month and even fall to zero if the 
average monthly prices are high enough. This in turns essentially proves the existence of a 
“Cap Price” and is a variant of the current support mechanism of RES in Spain. Furthermore 
the existence of the FiT rate in the calculation of the market premium strengthens the 
uncertainty due to its volatility every month according to the degression schedule. However the 
possibility that the law provides for switching from the fixed mechanism to the premium one 
as well as the inclusion of the burdening due to the market participation, counterbalance all the 
doubts for choosing the under EEG 2012 premium support. 
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Source: Eurostat 
 
Source: Eurostat 
 The support mechanisms that have been implemented the last decade, have given a huge 
impetus. In the final consumption RES offered 318.1 billion KWh with 126.6 billion KWh and 
43.47 billion KWh coming from biogenic solid and biogenic fuels used for heat and electricity, 
respectively representing a rate of 65% of the energy coming from the biomass sector. The 
share of RES in the Gross Final Consumption(GFC) has had an upward trend since the 
implementation of EEG 2004 and in 2011 renewable’s share stood for 12,3% of the gross 
consumption, bringing Germany closer to the goal for 2020 for renewable’s share to be equal 
to 18% of the GFC. However further efforts should be made especially in the heat sector in 
order to meet the set-targets.  
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At the end of 2012 the electricity that was provided from RES represented a rate of 23,5% 
and was equal to 142 TWh. The greatest contributor to the electricity production was the 
onshore wind sector providing to the grid more than 1/3 of the supply from RES which 
corresponds to 50 TWh. On the other hand the off-shore sector was proved a poor relative, due 
to its weak growth at the first half of the previous decade contributing to the supply with only 
722 GWh. Hydro plants are a constant value to the electricity system with their contribution 
reaching at 15,32%. Lastly, the PV sector was the biggest surprise adding 26.3 TWh to the 
electricity grid, 4 times more energy than that produced until the enforcement of EEG 2009. 
 
 
Source: Eurostat 
In order for RES to reach the 35% -target until 2020, the electrical energy that should be 
added to the system should be around 70 TWh or 10 TWh for the remaining 7 years till the end 
of 2020, reaching the amount of 212 TWh. With the conviction that the installed capacity of 
hydro plants will remain stable, efforts should be focused on the further development of the 
Wind sector as well as PV sector. 
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Source: Eurostat 
3.6. Wind Sector 
Germany possesses the largest cumulative installed wind capacity in European Union with a 
share of 30% followed by Spain, Italy, UK and France and together with Spain surpass 50% of 
the total capacity installed in EU. Since the first implementation of the new strusture of the FiT 
scheme, which was introduced in 2000, Germany has managed to develop the wind sector and 
install more than 25 GW of capacity until 2012. The onshore wind sector has met a great 
growth during the first half of the previous decade with the increase in the installed capacity 
being greater of 10% each year, while on the second half the development has slowed down . 
At the end of 2005 the cumulative installed capacity reached 18,38 MW producing 27.200 
GWh. The situation has improved and in 2010 after a recession year for Germany more than 
1.400 MW were installed showing also the improvement regarding the economic climate in 
Germany. Further up in 2012, the cumulative installed capacity of offhore and onshore wind 
installations was equal to 31,3 GW representing a rate of 8,17% of the demanded electricity.   
 
18,5% 
35,1% 
0,5% 
15,3% 
30,6% 
 Contribution of Renewables 
to the Electricity Supply in 2012 
Solar Photovoltaic Wind-onshore Wind-offshore Hydro Power Biomass 
39  
  
 
Source: Eurostat 
 
Under the fixed FiT scheme all producers for the first five years of their operation are 
remunerated with the same price, which is called the Initial Payment. For installations with 
great wind resources the  FiT scheme ordains that the produced electricity will be paid with the 
basic tariff for the rest 15 years of the contract. For wind installations with less strong wind 
potential, this period is extended according to a formula that compares the wind resources of 
the site of installation and the reference yield. This benchmark is the power that an installation 
with height equal to 30 m, with a wind shear profile and roughness length equal to 0,1 m, 
produces in a site with annual wind speed 5,5 m/sec. Afterwards these installations get the 
basic tariff for the remaining time of the contract. Small wind turbines with power not 
exceeding 50 kW are excluded from this type of support because they can claim for the initial 
tariff for the whole period of the support. Furthermore, EEG 2012 provides two more bonuses 
which are the System service bonus and the repowering bonus. Regarding the first one it is an 
additional support, paid during the initial tariff interval to installations that will come in 
operation before the end of May 2015 ensuring the further development of the wind sector. The 
repowering bonus on the other hand is paid to producers who wish to replace the old wind 
turbines that were in operation before January 2002, is paid in parallel with initial payment and 
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Wind-onshore & offshore(GW) 6,10 8,74 11,98 14,59 16,61 18,38 20,57 22,18 23,82 25,69 27,18 29,06 31,30 
Electricity Supply(GWh) 9.500 10.500 15.800 18.700 25.500 27.200 30.700 39.700 40.600 38.600 37.800 48.900 50.700 
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doesn’t stay stable but decreases annually by 1% . Finally, it should be noticed that the 
regression rate in the new legislation has increased by 0,5% reaching 1,5%, which in 
conjunction with the discounted FiT prices doesn’t inspire confidence for the further 
development of the wind sector. 
Onshore Wind Power EEG-2009 Tariff (c€/kWh) EEG-2012 Tariff (c€/kWh) 
Increased Initial Tariff 9.2 8.93 
Basic Tariff 5.02 4.87 
Small Wind turbines up to 50 KW - 8.93 
System Services Bonus 0.5  0.48 
Repowering Bonus 0.5 0.5 
Degression on tariff and bonus 1% 1.5% 
Table: Tariffs for onshore Wind Installations 
 
The following graph indicates the evolution of the initial FiT payments in the onshore wind 
sector. In 2004 with the implemetation of the new legislation, the initial tariff was set at 8,7 
c€/kWh for the first five years of the contract, was going to decrease with a degression rate of 
1% and led to an add to the capacity 2,02 GW. Until 2009 when EEG 2009 came into force 
9,21 GW were installed in German territory catapulting the total installed capacity at 23,82 
GW. Through the new amedments the initial tariff changed and was set equal to 9,2 c€/kWh 
while the degression rate was maintained at 1%. The development of the sector continued and 
more than 6,8 GW were installed since 2012 with the initial tariff falling at 8,93 c€/kWh at that 
year. 
 
41  
  
  
Source: Eurostat 
In the offshore wind sector the situation is completely different with a weak development 
dominating until 2011. Totally 434 GW have been installed till the end of 2012, however more 
than 19 GW corresponding to 28 wind parks have obtained the approval from the German 
authorities and are going to be constructed in the following years. The fixed FiT scheme in the 
offshore sector is similar to the scheme which applies to the onshore wind parks with the initial 
tariff for 12 years set at 15 c€/kWh while for the remaining period of reinforcement generators 
will take the basic tariff, which is equal to 3,5 c€/kWh. Instead of this scenario, producers in 
order to pay up their debts faster, are provided with the option of a higher remuneration but 
only for a period of 8 years. In this case the initial tariff increases to 19 c€/kWh. Lastly, the 
degression rate until the end of 2017 will remain 0% in order to give further impetus in this 
sector. 
 
Offshore Wind Power EEG-2012 Tariff (c€/kWh) 
Increased Initial Tariff 15.0 
Basic Tariff 3.5 
Initial tariff under the acceleration scenario 19.0 
Degression until 2017 0% 
Degression from 2018 7% 
Table: Tariffs for offshore Wind Installations 
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Source: Eurostat 
3.7. Solar photovoltaic Sector 
The PV sector in Germany has met a real growth due to the continued decline of the cost of 
PV panels and the munificent FiT, that were paid to the generators from the beginning of the 
implementation of this support scheme. In 2011, the installed capacity accounted for almost 
37% of the total installed capacity worldwide while the electricity production only from PV 
installations led to the reduction of CO2 emissions by 1 million tones. As already mentioned, 
the German Bundestag has revised the amount of the payments downwards and has set a 
threshold of 52 GW cumulative capacity, which when exceeded a new framework will be 
introduced. Since 2004 more than 31,5 GW have been installed resulting in 32,64 GW of 
cumulative installed capacity during 2012, which contribute to the electricity system 26.400 
GWh. Furthermore, it should be noticed the major increase of the PV capacity since the 
implementation of EEG 2009. Only in 2010, despite the decrease that the FiT suffered, 6,98 
MW  of PV were installed.  Further up, in 2011 7,49 GW were installed with 3 GW being 
installed only in December. In addition to this, under the revised FiT schedule the size 
categories as well as the degression rates have changed. Lastly, it should be noticed that in 
order for the generators to get the own consumption tariff, PV systems should have been 
installed in the interval between January 2012 and December 2013. 
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PV Power EEG-2012 Tariff (c€/kWh) 
Rooftop Systems 
P<30 KW 24.43 
30 KW<P<100 KW 23.23 
100 KW<P<1 MW 21.98 
P>1 MW 18.33 
Ground-mounted and building systems that aren't buildings themselves 
  17.94 
Systems on sealed surfaces and redevelopment sites 
  18.76 
Own Consumption Tariff 
  Up to 30% own use Over 30% own use 
P<30 KW 8.05 12.43 
30 KW<P<100 KW 6.85 11.23 
100KW<P<500KW 5.6 9.98 
Table: Tariffs for PV Installations 
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4.Greece 
4.1. Overview of the energy sector 
The effects of the oil crisis in 1970s to the Greek economy, led to a revision of the energy 
strategy aiming at reducing the dependency from oil. In order to achieve this target Greece 
turned its sights on the diversification of the energy supply through the development of the 
domestic production of lignite and hydro technology and by importing Natural Gas. 
Furthermore, efforts were made for the improvement of the generating facilities as well as the 
development of interconnections with the neighboring countries. The huge amounts of lignite 
that Greece has in its territory gave an impetus in the electricity production from this type of 
source from very soon and Greece had manufactured many power plants in areas where lignite 
is plenty. On the other hand imports of NG began in 1996 while Renewables emerged at the 
beginning of 1990’s with two legislative interventions, the Laws L.1559/1985 and 
L.2224/1994. The first introduced law in 1985 laid the basis for the promotion of the 
renewable sector and gave the opportunity to the Private Power Company (PPC), which was 
established in 1950 and holds a major share of the electricity market even today, to install 24 
MW of renewable capacity. Trying to develop the renewable sector, Greece legislated in 1994 
a new framework which was based mostly to the corresponding at that time German 
legislation. The legislation obliged PPC, which had in its possession the grid, to purchase the 
produced electricity from RES at a rate of 90% of the corresponding in medium voltage price 
according to the type of installation. The law L.2773/1999 which introduced the liberalization 
of the electricity market in order to comply with the EU legislation, maintained the favorable 
regime pricing and gave priority access to RES installations to the grid. In the following years, 
many legislative interventions have been made towards the development of renewables and the 
simplification of the licensing procedures. In 2006 legislation regarding the remuneration of 
renewable producers changed and new FiTs according to the type were introduced, which were 
very favorable for wind-offshore and solar PV installations. 
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4.2. Energy Intensity 
Since 1990, Greece has experienced a huge growth and has managed to double its GDP. 
This was mostly due to the European Funds that were given to the country as well as the 
organization of the Olympic Games in 2004. However from 2004 and until 2008 Greece has 
met lower growth rates which ranged around 3%. Greece is facing an economic and debt crisis 
from 2008 and its GDP has decreased by 23%.  On the field of reducing the Gross Inland 
Consumption as well as the energy demand from the end-users, Greece has taken many 
measures especially the last years so as to improve its energy efficiency and as  a consequence 
its energy intensity. The time evolution of the Gross consumption shows a significant increase 
with a rate of 2,4%  from 1990 until 2000, when the demand for energy increased almost 6000 
ktoe. The following years, the Gross Inland consumption followed the trend of the previous 
decade until 2009 when Greece met the economic crisis seeing its demand for energy dropping 
in the levels of 2000 equivalently  28.000 ktoe. As a result and with regards to the above 
parameters, Greece has seen an improvement of its primary energy intensity, which seems to 
follow almost the same pattern with that of EU-27. Since 1995 and until 1998, as it can be 
observed in the following graph, the primary intensity had experienced an increase, while the 
reduction that followed is due to some structural changes in the calculation of the GDP of the 
country. However, this situation has changed significantly at the beginning of the previous 
decade and so the primary intensity decreased 17,38%, ending at a value equal to 0,147 
toe/1000 euro. 
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Source: Eurostat 
4.3. Energy Dependence 
 
 
Source: Eurostat 
The energy mix is mostly characterized by the dominance of oil and NG, which 
accounted in 2012 for almost 2/3 of the gross inland energy consumption. As indicated in 
the following graph, Greece covered half of its energy needs with oil, which is mostly 
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imported mostly from Russia, Saudi Arabia and Iran as its domestic production is very low 
to cover the high demand. On the other hand solid fuels, with  plenty of lignite that the 
country  produces from the mines allocated mostly in Western Macedonia and 
Peloponnesus, are the second energy source consumed in Greece and they accounted for 
almost 30% of the gross consumption in 2012. It has to be mentioned that after Germany, 
Greece holds the 2nd position in European Union in terms of lignite production while the 
amount of lignite that is been extracted, is used mostly for the production of electricity. 
Subsequently, NG holds the 3rd position in the energy mix accounting for 14,23% of the 
inland consumption. Greece’s main suppliers for NG are Russia, Algeria and Turkey raising 
concerns in EU about the high dependence of the country from Russia for NG and oil. 
Lastly renewables represented from 2006 until 2010 6% of the gross inland consumption 
with high amount of energy coming from biomass, while in 2012 this rate was equal to 
almost 8%, which is an encouraging signal for the development of the sector.  
 
Source: Eurostat 
Taking the above parameters into consideration, it is clear that apart from the domestic 
production of lignite, as well as the production of energy coming from renewables which 
account for 36,24% of the inland consumption, Greece is highly dependent on the imports 
of petroleum products which in turns brings out an issue of security of supply. However, it 
should be noticed that in the wide geographical region Greece has in its possession the 
largest capacity of refineries ensuring somehow its security of supply while giving an 
impetus to its economic development. Towards further reduction of electricity production 
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from polluting lignite plants, Greece will have to turn its sights on investing further in the 
development of the renewable sector. 
 
 
Source: Eurostat 
During the last decade Greece has seen its energy dependence varying around 70% and 
though 2008 faced the highest rate reaching 73,3% an improvement can be observed  and in 
2011 the dependency of the country was equal to  65,3%, 8% lower compared to 2008 level. 
Furthermore, it can be noticed that Greece is following the same trend with EU’s dependency 
until 2005, with the exception of the year 2010 when Greece, in the middle of the economic 
crisis, saw an increase in its energy dependence of 1,2% which is in contrast with the decrease 
by almost 1% that was observed in European Union. However Greece has to make further 
efforts towards the reduction of the energy dependence and the convergence with the European 
index. 
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Source: Eurostat 
 
Source: Eurostat 
4.4. Implemented Policies 
Through implementing various policies, Greece managed to increase renewable’s share in 
the electricity consumption which in 2005 accounted for 8,9%. In 2006 Greece introduced a 
new legislative framework L.3468/2006 in order to support the development of renewables. 
The new law maintained the privilege of RES to have priority access to the grid provided that 
their operation would not jeopardize the security of the grid and the electricity system in the 
interconnected system while in the non-interconnected system the grid operator was obliged to 
absorb all the generated energy from RES installations. Furthermore it introduced new and 
generous tariffs to generator, especially in the PV sector ranging from 40 c€/KWh for 
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installations with capacity under 100 KW to 45 c€/KWh for installations with capacity above 
100 KW, with contracts that would last for 20 years. The new support framework gave the 
opportunity to many investors to install new generating renewable facilities, which in turns led 
to an increase in the share of RES to electricity consumption until the beginning of 2009 of 
almost 2%. 
2006 FiT(c €/KWh) 
  
Interconnected 
Grid 
Non-Interconnected 
Grid 
Wind Energy-onshore 7,3 8,46 
Wind Energy-offshore 9 
PV(P≤100KW) 45 50 
PV(P>100KW) 40 45 
Table: FiT according to L.3468/2006 
The great effect of the support policies that have been implemented since 2006 on the PV 
sector, led the Greek Government to redefine the framework concerning the tariffs that were 
paid to generators of PV installations with the law L. 3734/2009, which was introduced in 
January 2009. The new framework separated in different categories the installations according 
to their rated power in the interconnected and the non-interconnected grid while it determined 
the readjustment of FiT indexed at 25% of the annual consumer index of the previous year. 
According to this framework, if the readjusted tariffs by the Annual Consumer Index increased 
by rates 30%, 40%, 40%, 50% for the four categories are lower than the average SMP then the 
generator is remunerated with the average SMP augmented by the above rates. 
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2009 FiT(c €/KWh) 
  Interconnected Grid Non-Interconnected Grid 
Month/Year P>100KW P≤100KW P>100KW P≤100KW 
February 2009 40,000 45,000 45,000 50,000 
August 2009 40,000 45,000 45,000 50,000 
February 2010 40,000 45,000 45,000 50,000 
August 2010 39,204 44,105 44,105 49,005 
February 2011 37,283 41,943 41,943 46,603 
August 2011 35,101 39,488 39,488 43,876 
February 2012 33,381 37,553 37,553 41,726 
August 2012 31,427 35,356 35,356 39,284 
February 2013 29,887 33,623 33,623 37,359 
August 2013 28,138 32,655 32,655 35,172 
February 2014 26,894 30,256 30,256 33,618 
August 2014 26,097 29,359 29,359 32,622 
Thereafter for 
each year 1,3*Average SMP 1,4*Average SMP 1,4*Average SMP 1,5*Average SMP 
SMP=System Marginal Price of the previous year 
Table: FiT according to L. 3734/2009 
The law that came into force concerned only the producers that didn’t have concluded any 
contract with the grid operator until then while those who had active contracts were paid in 
accordance with the previous law. 
The legislative framework however was again updated with the L.3851/2010 with the tariffs 
raising this time for wind energy. The scheme is differentiated from the previous one 
concerning the categorization of the energy produced from wind plants according to their 
capacity, while the remuneration to the producers increased by 20,3% and 17,56% for wind 
plants with capacity greater than  50 KW in the interconnected grid and in the non-
interconnected islands respectively. Regarding the energy produced from onshore wind plants 
with capacity less than 50 KW both in the interconnected and non-interconnected grid the 
remuneration increased within a range of 28% and 48%. Furthermore Law L.4030/2011 
provided generous tariff to generators of wind-offshore energy which equal to 10,83 c€/KWh.  
 
2010   FiT(c €/KWh) 
    Interconnected Grid Non-Interconnected Grid 
Wind Energy-onshore P>50 KW 8,785 9,945 
Wind Energy-onshore P≤50 KW 25 
Wind Energy-offshore   10,83 
PV 
(Residential Sector & 
Small Enterprises ) P≤10KW 45 50 
Table: FiT according to L.4030/2011 
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On the PV sector the situation is quite different as with the establishment of the new law 
there is no differentiation among installations according to the capacity in the non-
interconnected islands. Furthermore the tariffs for the PV installations in the interconnected 
system were hold steady while the interval of the contract was set at 20 years. 
Month Interconnected Grid (c €/KWh) Non-Interconnected Grid (c €/KWh) 
  P>100KWp P≤100KWp Regardless   of Power 
February 2009 40 45 45 
August 2009  40 45 45 
February 2010 40 45 45 
August 2010 39,204 44,105 44,105 
February 2011 37,283 44,943 41,943 
August 2011 35,101 39,489 39,489 
February 2012 33,381 37,554 37,554 
August 2012 31,427 35,355 35,355 
February 2013 29,838 33,623 33,623 
August 2013 28,138 31,655 31,655 
February 2014 26,894 30,256 30,256 
August 2014 26,097 29,359 29,359 
thereafter for each year 1,3*Average SMP 1,4*Average SMP 1,4*Average SMP 
SMP=System Marginal Price of the previous year 
Table: FiT according to L.3851/2010 
 
The tariffs were once again adjusted downwards for new installations active from February 
2012, always connected to the annual consumer index however at a rate equal to 25%, and the 
rate of reduction to the paid tariff according to the type of installation was the following: 
• For installations with power greater than 100 KW and for installations either in the 
interconnected grid or the non-interconnected islands with power less than 100 KW 
the reduction was 12,5% of the predicted value of L.3734/2009 and 7% with regards 
to the new price per semester, 
• For installations on the roof of buildings the reduction was equal to 5% compared to 
the previous tariffs. 
In addition to this, the interval of the contracts were set equal to 20 and 25 years, as 
indicated in the following table. 
 
 FiT(c  €/KWh) 
  
  
P>100 KW 
  
P≤ 100 KW & 
non-
interconnected 
islands 
On building roofs 
P≤ 10KW 
On building roofs 
P≤ 5KW (for non-
interconnected 
islands) 
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February 2012 32,826 29,208 49,5 49,5 
August 2012 30,56 27,164 47,025 47,025 
February 2013 28,42 25,262 44,673 44,673 
August 2013 26,431 23,494 42,44 42,44 
February 2014 25,481 21,849 40,318 40,318 
August 2014 22,86 20,32 38,302 38,302 
February 2015 1,3*Average SMP 1,4*Average SMP 36,387 36,387 
August 2015 - - 34,568 34,568 
thereafter for 
each year 1,3*Average SMP 1,4*Average SMP 1,4*Average SMP 0,95*Average SMP 
SMP=System Marginal Price of the previous year 
  20 years 25 years 
Table: Readjustment of FiT 
 
Furthermore law L.3851/2010 introduced a series of measures intending on one hand the 
energy upgrade of existing buildings and on the other hand the installation of small 
decentralized generating plants from renewable energy, such as PV systems and small wind 
turbines. It provided for a reduction of 10% to the income tax for the cost with regards to the 
changes for the energy upgrade of the building as well as tax exemptions to the revenues for 
the electricity produced from the installed capacity. The law L. 3908/2011 contributes to the 
further development of RES through subsidizing private investments with 40% of the cost of 
the new renewable installation, excluding however PV installations. Meanwhile the law 
L.4011/2011 led to the liberalization of the electricity market by incorporating the provisions 
of the Directive 2009/72 of the European Community and essentially creating the existing 
framework under which the energy market is functioning with a clear division of the 
responsibilities of the bodies responsible for the proper functioning of it. 
In the following interval the Greek Government proceeded in two more adjustments to the 
tariffs which concern only the PV producers of installations that came into force after the 
resolution of the respective bills, with the general framework regarding the remuneration 
scheme being maintained. This means that, in order to guarantee the security of the installation 
operator’s investment, the remuneration of producers is linked to the marginal price (SMP) and 
is adjusted by 25% of the consumer price index of the previous year and if the tariff rate is less 
than the average SMP of the previous year, FiTs will be increased by 30% (P> 100 kW) or 
40% (P≤ 100 kW and off-grid installations). 
 The generous FiT that have been established through various laws in conjunction with the 
low prices paid by end-consumers have led to the creation of a deficit in the special account for 
renewables which stood at 331,53 million euros by the end of 2012. In order for this deficit to 
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get eliminated, the Greek Government has imposed a tax on all RES producers in November 
2012. This levy which is imposed until the end of the first semester of 2014 with the possibility 
of an extension for one more year ranges from 10% for wind farms, small hydro and biomass 
installations  to 30% for operating photovoltaic installations with power greater than 10 KW of 
the pre-value added tax sales of the paid tariff.  However despite of the measures that have 
been adopted the deficit has increased and at the end of 2013 is equal to 576,07 million euros, 
raising uncertainties about its viability while Greece is experiencing a debt crisis. 
 
 
 
  Interconnected Grid 
  P>100 KW P<100 KW 
  August 2012 June 2013 August 2012 June 2013 
August 2012 18,000 - 22,500 - 
February 2013 17,190 9,5 21,488 12,0 
August 2013 16,416 9,5 20,521 12,0 
February 2014 15,678 9 19,597 11,5 
August 2014 14,972 9 18,715 11,5 
thereafter for 
each year 1,3*Average SMP 1,1*Average SMP 1,4*Average SMP 1,2*Average SMP 
SMP=System Marginal Price of the previous year 
Table: Readjustment of FiT for new licenses to be signed from August 2013 and June 2013 
in the interconnected grid 
 
  Non-Interconnected Grid 
  Regardless of Power 
  August 2012 June 2013 
August 2012 22,500 - 
February 2013 21,488 10,0 
August 2013 20,521 10,0 
February 2014 19,597 9,5 
August 2014 18,715 9,5 
thereafter for each year 1,4*Average SMP 1,1*Average SMP 
SMP=System Marginal Price of the previous year 
Table: Readjustment of FiT for new licenses to be signed from August 2013 and June 2013 
in the non-interconnected grid 
 
Month/Year FiT(c €/KWh) 
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August 2012 June 2013 
August 2012 25,000 - 
February 2013 23,875 12,5 
August 2013 22,801 12,5 
February 2014 21,775 12,0 
August 2014 20,795 12,0 
February 2015 19,859 11,5 
August 2015 18,965 11,5 
February 2016 18,112 11,0 
August 2016 17,297 11,0 
February 2017 16,518 10,5 
August 2017 15,775 10,5 
February 2018 15,065 9,5 
August 2018 14,387 9,5 
February 2019 - 8,5 
August 2019 - 8,5 
Table: FiT for the "Special Program for the Development of Photovoltaic Systems in 
buildings and particularly in roofs and roofs of buildings' 
With the target of the contribution of renewables to the gross final consumption having been 
set at 20% till 2020, Greece has managed to promote through the implemented policies, not 
only to the electricity sector but also to the heat and transport sectors, to increase favorably its 
overall share which in 2011 was equal to 11,6%, almost 2% higher than 2010’s share and 3% 
higher when compared to the corresponding share of RES in 2009. The sector that most 
contributed to achieve both the interim target and the one set to the NREAP, was the heat 
sector which accounted in the final energy demand for 20,1% while the other two sectorial 
shares were 14,6% and 1,8% for electricity and transport respectively. In conclusion it can be 
marked that if this growth in the different sectors is maintained then Greece will finally meet 
its target concerning the RES share to final demand in 2020. 
4.5. RES Share to Gross Electricity 
Consumption 
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Source: Eurostat 
 
While the demand of electricity continues to have a downwards trend reaching in 2012 
50.289,2 GWh, renewables have managed to generate 6560 GWh and cover 12,04% of the 
demand. The wind sector is turned out to be the pioneer generating in 2012 3.850 GWh, 535 
GWh more than 2011, covering 7,66% of the total demand. On the other hand the PV sector 
which has seen a great growth since 2009 has managed to offer in the electrical system 1700 
GWh, 1000 GWh more than 2011, which in turns equals to 3,37% to the demand. 
 
Source: Eurostat 
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Source: Eurostat 
 
4.6. Wind Sector 
Though Greece has a great wind potential, the Wind sector has not shown the development 
that is being detected in the PV sector. In 2012 Greece was among eighteen Member States 
that have fallen behind their trajectory with regards to the installed wind capacity.  The wind 
sector has met a high growth during the second half of the previous decade while in the first 
half only 605 MW have been installed covering 1266 GWh of the electricity demand. From 
2005 until September 2013, 1203 MW have been installed which is an increase of 98% leading 
to a cumulative capacity of 1808,8  MW. Especially in 2011 2,5 more wind capacity was 
installed compared to the previous year. The support policies that Greece has implemented the 
last years have given an impetus in the onshore wind sector while in the offshore sector things 
are completely different. No installation is in place despite of the increase to the tariff that have 
been adopted through the law L.4062/2011 setting the remuneration of the producers at 10,83 
c€/KWh. Lastly it has to be mentioned that with the new tariffs that have come into force the 
remuneration of plants with smaller capacity is set higher reflecting the economic parameters 
that are involved in the installation of small plants. 
 
48,15% 
42,49% 
5,87% 
1,24% 2,45% 
Contribution of RES to the 
 Electricity Supply in 2012 
Wind PV Small Hydro Biomass CHP 
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Source: Eurostat 
4.7. Solar Photovoltaic Sector 
The PV market has grown rapidly in the last years due mostly to the very generous FiTs that 
were implemented since 2009. The cumulative installed capacity has raised from 48 MW in 
2009 to 2590 MW in the end of 2013 surpassing the target that was set in NREAP for a 
cumulative installed capacity of 2200 MW in 2020. Although Greece faces an economic crisis 
from 2009 almost 0,4 GW in 2010 and 0,2 GW in 2011 of capacity was installed giving rise to 
the large growth in this sector. In 2012 the added installed capacity to electricity system was 
close to 1 GW while 1 more GW of capacity was installed during 2013. On the other hand the 
contribution of the PV sector to the demand of electricity surpassed the expectations and 
accounted for 1.694 GWh for 2012 and 3421 GWh from the beginning of 2013 until November 
of the same year. 
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Source: Eurostat 
 
 
 
 
 
 
 
 
 
 
 
5.Conclusions 
 
In 2009 European Union has set climate change goals which intended on further reducing the 
Greenhouse Gas emissions at concentration 20% lower than the corresponding level in 1990 
and the energy consumption by 20% through the implementation of energy efficiency 
measures. Furthermore Directive 2009/28/EC set mandatory targets to all Member States so as 
2009 2010 2011 2012 NOV-2013 
Installed Capacity (MW) 48,0 425,0 624,0 1.536,0 2.590,0 
Electricity Supply(GWh) 50 158 610 1.694 3.421 
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the share of Renewables to the EU’s Final Energy Consumption is at least 20%, while the 
share of renewables in the transport sector is at least 10% in each MS.  
However due to the fact that the operation of renewable installations is very expensive 
compared to the operation of conventional generating facilities, support policies have been 
implemented so as to overcome this obstacle. All countries of European Union have used 
support methods for the development of the renewable energy sector. The most common 
scheme is the Feed-in Tariff system which has gained ground in EU however its 
implementation across European countries either created debts or led effectively to the 
development of RES.  Currently twenty Member States are using FiT scheme as the main 
support tool while other four members use it for specific renewable technologies. 
In Spain various legislative frameworks have been adopted since 1994, when the status of 
renewables was described with the term “Regimen Special”. However the substantive changes 
that have been introduced with the RD 436/2004 have completely changed the operating 
regime of renewables by providing RES producers with the ability to participate in the 
wholesale market. Under the new legislation producers of renewable energy were able to 
choose among two remuneration schemes which were a regulated tariff sale depending on the 
type of technology used or sale on the wholesale market and get remunerated with the market 
price plus a premium tariff, which is an incentive for their participation in the open market. 
Subsequently RD 661/2007 has maintained the two basic forms of compensation while it 
introduced that the remuneration of the producers would have a maximum and a minimum 
value, the Cap and the Floor price respectively. Furthermore in the photovoltaic sector for 
installations with nominal power lower than 2 MW depending on the site of installation, RD 
1578/2008 established a quota but also a declining FiT system as well as a pre-assignment 
registration mechanism.   
The support mechanisms that Spain has implemented have led to a great development not only 
of the wind but also of the solar PV sector. In 2012 the cumulative wind capacity was 22,76 
GW making Spain the second country in EU with the largest installed capacity in its territory. 
In the solar PV sector Spain is also among pioneers seeing its cumulative installed capacity 
reaching at 4,23 GW in 2011. However the support schemes that have been implemented in 
Spain have created an extraordinary debt of EUR 29 billion, which represents 3% of the 
country’s GDP. This debt was mostly created because of the repayment of the old debts, the 
declining demand, the large interval that renewable installations under premium option were 
operating etc. Under this parameters the Spanish Government created a new legislative 
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framework which reforms the regulated tariffs and the remunerations system under the 
premium option. With RD-Law 9/2013 and until a new framework will be established all 
renewable technologies, except for thermo solar facilities, are paid with the average yield of 
Spanish –Government Bonds over the ten years preceding the entry into force of the current 
RD plus 300 basis points, which are going to be reviewed every 6 years. 
 Germany, on the other hand, managed through the implementation of right policies to give a 
strong impetus on the renewable sector. In 1990 the first FiT law was introduced for the 
promotion of the production of electricity from renewables. Germany has achieved to exceed 
its national target with regards to the share of RES to the gross electricity consumption which 
in 2012 23,5%. Germany’s changes in FiT schemes can be divided into three phases. The first 
phase. The first phase (2000-2009) is characterized by high costs of produced electricity from 
renewables making them not competitive and aimed at increasing the share of RES. The 
second phase (2009-2011) is characterized by the decline in the cost of PV modules leading to 
a decrease in the paid tariffs to the producers with the EEG 2009. The third phase (2012-) 
began with some amendments to the previous EEG, due the decision in 2011 for the closure of 
nuclear power plants until 2022 and the continuing declines in the installation cost of 
renewables which make them competitive to conventional forms of energy. EEG 2012 
introduced a threshold equal to 52 GW of PV capacity while it decreased the paid tariffs to 
producers of green electricity, except for offshore wind installations. 
 The current legislation gives the opportunity to RES generators either to get remunerated with 
a fixed tariff or take part in the wholesale market and get paid with the electricity market price 
plus the market premium. The Market Premium is equal to the subtraction of the fixed FiT and 
the reference price which in turn consists of two components which are the average wholesale 
market price of the previous month and the management premium. On the other hand the fixed 
FiT scheme provides RES producers for the first years of the installation with the Initial 
Payment while afterwards with Basic Tariff. Tariffs are calculated according to a degression 
rate which has increased with EEG 2012.  Germany has managed to develop its wind and PV 
sector in a proper way by implementing right and wise policies. The cumulative wind capacity 
in Spain has reached 31,3 GW while in the PV sector the cumulative capacity was 32,64 GW 
in 2012. However further efforts should be made on the development of wind-offshore sector. 
Lastly in Greece renewables started to make tentative steps at the beginning of 1990’s with two 
legislative interventions. However the real development of renewables has started with the 
implementation of law L.3468/2006 which introduced generous fixed tariffs for generators of 
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renewable electricity with contracts which corresponded to an interval of 20 years. The 
framework, however, had changed with introduction of law L.3734/2009 which had changed 
the amount of paid tariffs while it determines the readjustment of the FiT at 25% of the annual 
consumer index after a period of time. Until today a series of amendments to the paid tariffs, in 
the solar photovoltaic sector were made due mostly to the high growth of the sector. In 2012 
the cumulative installed capacity in Greece was higher than the target that was set to the 
NREAP for 2020.On the other hand the cumulative installed wind capacity in 2012 was close 
to 1 GW. 
The unexpected development of the PV sector and the generous FiTs have created a huge debt 
in the special account for renewables which in 2012 was equal to 331,53 million euros while at 
the end of 2013 raised more and is equal to 576,07 million euros. Under these conditions the 
Greek Government in November 2012 has imposed a levy to the paid tariff in the RES 
producers until the end of first semester of 2014 which is equal to 10% for all renewable 
installations except for for PV installations with nominal power greater than 10 KW where the 
levy equals to 30%. 
There is a series of barriers that stand in the development of the renewable sector in Greece 
such as: 
• The current economic crisis that Greece is facing and the high debt of the special 
account for Renewables prevents investments on the renewable sector, 
• The levy that has been imposed on the gross revenues of the generators of renewable 
energy, 
• The reduction of the FiTs which was adopted on June 2013, 
• The delays in the payments to RES producers which in turns makes the repayment of 
their debts difficult,  
Under these circumstances measures should be immediately taken in order for Greece 
to meet its targets set through the NREAP. Some possible measures are the following: 
• The development of the electrical network and the connection of the islands 
with the interconnected system of Greece which could lead to the increase in 
the electricity exchanges with the neighboring countries , 
• The funding of the special account for renewables from the increase in the 
electricity exchanges 
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• The suspense of the levy which was set to RES producers at the end of 2012 
and its replacement by a more fair and more proportionate system but only for 
PV Installations, 
• The increase in the fee of the funding for renewables that is paid by the end-
consumers, 
• The formulation of a common solution with countries that have the same 
problems with Greece 
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64  
  
Royal Academy of Engineering 
Directive 28/2009 
Instituto para la diversificacion y ahorro de la energia, “Renovables made in Spain: Energias 
renovables en Espana”, Madrid, March 2010 
www.renovablesmadeinspain.es 2010 
Instituto para la diversificacion y ahorro de la energia, “Resumen del Plan de Energia 
Renovables 2011 - 
2020”,http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos 
Resumen P ER 2011-2020 15f3dad6.pdf 24  
Mecanismos de apoyo a las energias renovables”,  
ROYAL DECREE-LAW 9/2013, OF JULY 12 2013 
Royal Decree 1578/2008, of September 26 2008, 
Deutsche Energieagentur. Übersichtstabelle Winparks (as of June 2012) 
Federal Republic of Germany,Progress report under Article 22 of Directive 2009/28/EC on 
Promotion of the Use of Energy from Renewable Sources, 11 Jan 2012 
German and Polish Energy Policies: Is Cooperation Possible? Jaroslaw Cwiek-Karpowicz, 
Aleksandra Gawlikowska-Fyk, Kirsten Westphal.Policy Paper,No. I (49),January 2013 
Tariffs, degression and sample calculations pursuant to the new Renewable Energy Sources 
Act (Erneuerbare-Energien-Gesetz-EEG) of AUGUST 2011 (‘EEG 2012’) 
The German Feed-in Tariff for PV: Managing Volume Success with Price Response, Deutsche 
Bank Group, DB  Climate Change Advisors,23 May 2011  
Energy Efficiency Policies nad Measures in Germany, Odyssee- Mure 2010, Barbara 
Schlomann, Wolfgang Eichhammer, Fraunhofer Institute for Systems and Innovation Research 
ISI, November 2012 
Renewable Energies, Driving Germany’s Energiewende, Federal Ministry for the Environment 
,Naure Conversation and Nuclear Safety,Public Relations Division, October 2012 
Renewable Energy Sources in Figures, National and International Development, Federal 
Ministry for the Environment, Naure Conversation and Nuclear Safety,Public Relations 
Division, July 2013 
Development of renewable energy sources in Germany 2012, Federal Ministry for the 
Environment ,Naure Conversation and Nuclear Safety, July 2013 
65  
  
Wind in power,2012 European statistics, February 2013 
The German Feed- in Tariff; Recent Polcy Changes , Deutsche Bank Group, DB Climate 
Change Advisors,September 2012 
 Y.A.Π.Ε/Φ1/1289/9012: ‘Modification of  special Program Development Photovoltaic 
installations in building attitudes and roofs’, 2 May 2013 
Υ.Α.Π.Ε/Φ1/2302/16934: ‘Modification of  special Program Development Photovoltaic 
installations in building attitudes and roofs’, 8 Aug 2013 
Υ.Α.Π.Ε/Φ1/1288/9011: ‘Pricing of electricity produced from photovoltaic plants’, 30 Apr 
2013 
Law 4001: ‘For operation of Energy Electricity and Gas Markets, Research and transport 
networks of oil and other regulations’, 22Aug 2011 
Law 3851: ‘Acceleration of Development of Renewable Energy Sources against Climate 
Change, 4 Jun 2010 
Law 3734: ‘Promotion of cogeneration of two or more useful forms of energy,regulation of 
issues related to the Hydroelectric Projct of the Country’, 28 Jan 2009. 
‘Renewable Sources of Energy’, LAGIE, Nov 2013 
‘Renewable Sources of Energy’, ICAP, Dec 2009 
‘First Progress Report on the Promotion and Use of Energy from Renewable Sources in 
Greece’, Ministry of Environment, Energy and Climate Change, 2012 
‘EnergyEfficiency Policies and Measures in Greece’, CRES, Dec 2012  
5 th National Report for Penetration Level of Renewable Energy in the Year 2010’,Ministry of 
Environment, Energy and Climate Change, Sep 2009 
 
 
 
 
 
 
 
 
 
66  
  
 
 
 
 
 
 
  
 
 
 
  
